


























UNDERGROUND 
LIMESTONE 
MINING 
Robert M. McKay 
Michael J. Bounk 

Each year aggregate companies in Iowa 
produce about 35 million tons of raw 
material from over 500 locations to sup
ply a myriad of construction projects 
across the state. The bulk of this supply 
is extracted from the familiar pits and 
quarries where gravel deposits and 
limestone bedrock are close to the land 
surface. But at ten locations across the 
state (see map) , where geologic and 
market conditions permit, limestone for 
aggregate is extracted from underground 
mines. 

Though more costly than quarrying, 
the underground mining of limestone 
can be both economical and necessary 
in some areas of the state. Shallow rock 
units, which were once acceptable, may 
no longer meet newer engineering 
standards for construction aggregate. In 
other instances, it is not economical to 
strip both the overlying glacial deposits 
and the poorer quality, shallow bedrock 
in order to quarry. An operator must 
decide whether to cease production and 
move to an alternate location, if one ex
ists, or to shift operations underground. 
Numerous factors are weighed to deter
mine the feasibility of such a production 
change. Is the needed quality rock pres
ent in sufficient thickness and at suitable 
depth? Are the market conditions 
satisfactory to warrant the added ex
pense of underground start-up and pro
duction? In the last decade several Iowa 
stone producers have opted to shift pro
duction underground. 
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• 
Counties producing limestone from 
quarries 

• Active underground limestone 
mines 

Most underground mines in Iowa are 
opened from the floors of existing quar
ries. An entrance road or haulway is 
driven into the quarry wall or floor de
pending on whether the layers to be 
mined are at the same level as the floor 
or deeper. The depth of the mining level 
below the land surface may vary from 75 
to 400 feet. Once the entrance road or 
ramp has reached the proper level, the 
mine is ready to go into production. 

A major element of the mining process 
is breaking up the rock. This fragmenta
tion is accomplished by detonating ex
plosives set in blastholes. The heading , 
or rock face to be blasted, is typically 
40-feet wide by 20- to 25-feet high. A 
designed pattern of 40 to 50 horizontal 
drill holes two inches wide by 12- to 
14-feet deep, are bored into the rock 
face by large portable drills. This con
figuration of holes is called a " round." In 
a typical round, the holes are drilled at 
an angle with the free face. Five hundred 
or more pounds of explosives may be 
loaded in one round depending on the 
size of the face. The detonation devices, 
or blasting caps, have set delay times so 
that charges in the center of the face 
detonate first and the surrounding 
charges detonate two to several 
milliseconds later. Using this method, 
the explosives in the central angle-cut 
holes blast the rock into the open area in 

Bob McKay and Mike Bounk 

The production of limestone aggregate from underground workings requires machinery to illuminate 
the rock face and to hoist miners into position to clean drill holes and toad explosives for blasting 
the rock. River Products Company, Columbus Junction Mine. 

front of the face, allowing the delayed 
charges to thrust material into and past 
the initial blast opening. A typical opera
tion can drill and blast up to five rounds 
per day, loosening tons of rock in several 
different headings. The time-delayed ex
plosions not only increase blast efficien
cy, but greatly reduce ground vibration. 

Front-end loaders then lift the rock into 
haul trucks which transport it to a rock 
crusher, usually outside the mine. In 
deep mines, such as the Kaser Corpora
tion's Durham Mine in Marion County, 
the primary crusher is inside the mine , 
and crushed rock is moved via conveyor 
belt through an inclined tunnel to the sur
face where it is processed further. 

As the mine becomes larger, the 
primary means of ceiling support are the 
pillars of rock left in place between the 

rooms of mined out rock. This "room 
and pillar" mining plan is often mapped 
out in advance with the help of engineer
ing firms specializing in underground 
developments. Secondary roof stabiliza
tion, if necessary, usually involves 
mechanical scaling of loose slabs of rock 
from the ceiling, and less frequently, 
mechanical bolting of potentially loose 
ceiling rock to more sound rock above. 

An occasional problem related to local 
geologic conditions occurs when a room 
intersects a shale or sediment-filled cavi
ty in the limestone. The material in these 
paleo-karst features usually extends 
above the ceiling, has little supporting 
strength, and can collapse into the mine. 
A combination of roof bolts and support
ing wire mesh is sometimes used to 
stabilize this condition. At worst, that por-
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tion of the mine may have to be closed 
off from further activity. Safety decisions 
are usually determined by federal in
spectors from the Mine Safety and 
Health Administration, in consultation 
with the operator. 

Controlling groundwater is another im
portant aspect of mining operations. 
Water is usually present at some depth 
below the surface; and once en
countered by mining, open crevices, 
fractures, and solutional voids in the 
limestone may produce variable flows of 
groundwater. This inflow must be routed 
along drainage slopes and ditches to col
lection places where it can be discharged 
from the mine. Most operators eventually 
need to collect water in a sump, or low 
spot, within the mine and pump it out 
from that point. On rare occasions, a 
heading may intersect a fracture or void 
which releases hundreds of gallons of 
water per minute. If the problem cannot 
be remedied , a portion or all of the mine 
may be closed. 

Proper ventilation also must be main
tained in any underground mine. Ex
haust fumes from machinery must be 
vented and fresh air introduced. Natural 
ventilation of level headings is adequate 
when mine workings are not extensive. 
Warm air, either from outside or within 
the mine, will flow along the ceiling while 
cool air will move along the floor. As the 
workings are extended , however, forced 
ventilation becomes necessary. Fans 
move air from one or more exterior open
ings to the active part of the mine. As 
workings progress or become deeper, 
the producer may have to drill large
diameter vertical ventilation shafts from 
the surface to the mine level. Large 
volume ventilation fans are installed 
which move air down, usually in colder 
weather, and can be reversed to move 
air up during warmer humid weather. 

Although operations of an under
ground limestone mine are more expen
sive and require some specialized 
techniques to overcome inherent dif
ficulties, there are also significant advan
tages to underground stone extraction. 
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Stripping unneeded overburden, a costly 
inconvenience in surface operations, is 
eliminated . The land above the mine 
can be utilized for other purposes 
simultaneously with stone removal. 
Reclamation of disturbed land and its 
associated costs are reduced. Noise and 
dust pollution is generally contained 
within the mine. Working conditions, 
while dark, are arguably more comfort
able because mine air temperature 
hovers around 50° F throughout the hot 
summers and cold winters. 

If geologic conditions are suitable and 
proper planning has been done, large 
portions of the mine workings may 
eventually be converted to usable 
underground space. This space can be 
utilized for warehouses, offices, in
dustrial production, agricultural product 
storage, and even recreational facilities, 
such as tenn is courts. In Missouri, part 
of one mine has been converted into a 
roller rink, and in Clayton County, Iowa, 
an abandoned underground sandstone 
mine is now used as a storage facility. 
Underground mining in urban areas can 
be an attractive future alternative when 
the stone producer must compete with 
other land uses and increasing land ac
quisition costs. 

Throughout most of Iowa, production 
of limestone aggregate from surface 
quarries will undoubtedly remain the 
principal method of mining. Under
ground mining, however, is an im
portant and an increasingly common 
method of limestone production in the 
state. D 

Editor's Note: Additional information on 
economic mineral resource topics in past 
issues of Iowa Geology include: Lead and Zinc 
Mining in the Dubuque Area (No. 9, 1984); 
Gypsum Resources of Iowa (No. 10, 1985); 
and Mining Iowa's Coal Deposits (No. 11 , 
1986). 

FOSSIL 
AMPHIBIAN 
SITE: 
A SIGNIFICANT 
NORTH AMERICAN FIND 

Robert M. McKay 

In the spring of 1985, geologists working 
in Keokuk County discovered fossils of 
perhaps the oldest known four-footed 
animals to walk the North American con
tinent (see Iowa Geology, 1986). These 
are fossils of primitive amphibians, the 
earliest terrestrial vertebrates or 
tetrapods. Dr. John Bolt, a specialist at 
the Field Museum of Natural History in 
Chicago, enthusiastically examined the 
preliminary collections, which contained 
abundant, well preserved amphibian 
and fish material. Paleontological finds 
of this type and geologic age (Mississip
pian: 340 million years old) are ex
ceedingly rare worldwide. In the summer 

of 1986 preparations began for an ex
cavation by the Geological Survey 
Bureau and the Field Museum, aided by 
a grant from the National Geographic 
Society. 

During the first two weeks of excava
tion ten feet of rock overlying the main 
bone-bearing horizon was carefully 
removed by backhoe. A crew of four to 
six people spent the remainder of the 
summer in a painstaking effort to 
unearth and remove about 1,000 
specimens from the 1- to 2-foot thick 
bone bed. Specimens include skeletal 
material from at least two extinct am
phibian groups (colosteids and an
thracosaurs) , reptilian-like vertebrae, 
and fossil fish (sharks, acanthodians, 
palaeoniscoids, and rare lungfish [see 
photo] and crossopterygians). 

Interpretation of the bone-bearing St. 
Louis Formation indicates the environ
ment of deposition was a sub-equatorial 
lowland dotted with bodies of fresh or 
brackish water inhabited by a variety of 
fish , tetrapods, and invertebrates. As the 
Field Museum prepares and describes 
the individual fossils, a more complete 
picture of early land-dwelling vertebrates 
and their habitat on the North American 
continent will emerge. D 

Bnan Witzke 

Skeletal remains of the rare lungfish include skull plates and scattered ribs. 
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SELECTED SURVEY PUBLICATIONS 

PUBLICATIONS OF THE IOWA GEOLOGICAL SURVEY 
A revised and updated listing of publications was prepared in 1986. This brochure contains a com
prehensive register of the Geological Survey's various publication series, both current and discon
tinued. as well as map products. These publications include much that is known about the state's 
groundwater, bedrock, Quaternary materials, and mineral deposits. in addition to important historical 
references. The 56-page booklet is available without charge, and contains ordering information. 

PRECAMBRIAN GEOLOGY OF IOWA 
Iowa Geolog ical Survey Open-File Map Series 86-1 by R.R. Anderson (1986). This black and white, 
1: 1,000,000 scale map is compiled from on-going studies and is available on a limited-edition basis. 
This interim map displays the geology of Iowa's oldest and deepest rocks as presently interpreted from 
drill-hole and geophysical data. Price: $1.00, plus $. 75 post./hand. 

STRUCTURAL CONFIGURATION OF THE PRECAMBRIAN SURFACE OF IOWA 
Iowa Geological Survey Open-File Map Series 86-2 by R.R. Anderson (1986). This black and white, 
1 · 1,000,000 scale map is compiled from on-going studies and 1s available on a limited-edition basis. 
This interim map displays the structural configuration of the Precambrian surface using a sea-level 
datum and a contour interval of 100 feet. Price $1.00, plus $ .75 post/hand . 

LATE WISCONSINAN AND HOLOCENE LANDSCAPE EVOLUTION AND ALLUVIAL STRATIG
RAPHY IN THE SAYLORVILLE LAKE AREA, CENTRAL DES MOINES RIVER VALLEY, IOWA 
Iowa Geological Survey Open-File Report 86-1, 330 pages. by E.A. Bettis 111 and B.E Hoyer (1986). 
This contract report. prepared for the U S. Army Corps of Engineers. Rock Island District, presents the 
results of a detailed geomorphic 1nvestigat1on of the study area. Landforms and underlying deposits 
were identified, mapped, and dated in order to provide archaeologists and resource managers with a 
physical framework in which to evaluate cultural resources of the area. Available without charge. 

UNDERGROUND COAL MINES OF CENTERVILLE IOWA AND VICINITY; MINE-RELATED 
PROBLEMS AND SUBSIDENCE POTENTIAL 
Geological Survey Bureau Open-File Report 86-2, 93 pages. by M.R. Howes, M.A. Culp, H. 
Greenberg, and P.E VanDorpe (1986). The location and extent of abandoned coal mines and known 
occurrences of mine-related problems are documented. The report also covers local geology, mining 
history, and factors affecting subsidence. A detailed map and extensive appendices of compiled 
historical and physical data provide 1nformat1on for landuse planning. Available without charge. 

PALYNOSTRATIGRAPHY OF THE LOWER AND MIDDLE PENNSYLVANIAN COALS OF IOWA. 
Iowa Geological Survey Technical Paper # 7, 245 pages. by R.L. Ravn (1986). This monograph con
tains a thorough analysis of the stratigraphic distribution of plant microfossils (spores) preserved in the 
state's coal deposits, and includes formal descriptions of paleobotanical genera and species. Abundant 
plates. A primary reference for Pennsylvanian stratigraphic correlations in Iowa. Price: $10.00, plus 
$1.50 post./hand. 

GROUNDWATER RESOURCES OF HAMILTON COUNTY 
Iowa Geological Survey Open-File Report 86-40 WRD, 31 pages by C.A. Thompson (1986). This com
pilation of available data summarizes the distribution, accessibility, yield, and quality of surficial and rock 
aquifers in Hamilton County Price: $1.00, plus $.50 post./hand 

GROUNDWATER RESOURCES OF IOWA COUNTY 
Iowa Geolog ical SuNey Open-File Report 86-84 WRD, 40 pages by P.E. VanDorpe (1986). This com
pilation of available data summarizes the distribution, accessibility, yield, and quality of surficial and rock 
aquifers in Iowa County. Price: $1.00, plus $.50 post./hand. 
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